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This Method of Operation was prepared from Issue 31 of Drawing 239665. 

METHOD OF OPERATION 

Panel System - Final Circuit - With Time Measure Releass On Permanent Signal 
and for Routine Testing of Subscriber’s Lines. 

DBmOP&SHT 

1. PURPOSE 07 CIRCUIT 

This circuit is for the purpose of completing connections from a 
manual or panel office to a subscriber’s or PBX line In a ground 
cut-off relay panel office. It is arranged to release on "No Test" 
calls under control of the calling end and on permanent signals to 
release after a time interval. Jacks are provided whereby subscribers’ 
lines nay be tested. 

2. FORKING LIMITS 

2.1 The maximum external circuit subscribers loop resistance is 
750 ohms with "S" wiring and 1500 ohms with M T" wiring. 

2.2 The minimum subscribers line insulation resistance for the 
above limits is 10,000 ohms. 

2.3 The maximum external circuit loop resistance for selections 
is 1474 ohms with minimum trunk insulation resistance 30,000 ohms. 

OPERATION ' 


3. PRINCIPAL FUNCTIONS 

This circuit is used to establish a connection from the incoming se- 
lector multiple tc a subscriber's or PBX line. Its functions are aw 
follows : — 

3.01 Selects proper subscriber's line by means of brush, tens and 
unit selections. 

3*02 Tests subscriber ' s line for an idle or busy condition. > 

3.03 Advances incoming selector when selections are completed. 

3.04 For individual line or PBX group busy - Restores elevator rod 
to normal and transmits "busy back" tone to calling subscriber and 
“busy back" ground to incoming selector circuits. 

3.05 Prepares talking circuit when line is idle. 

3.06 Accomplishes PBX hunting when the first line of the called PBX 
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3.07 

3.08 

3.09 

3.10 

3.11 

3.12 

3.13 

3.14 

3.15 

3.16 

3.17 

3.18 

3.19 

3.20 

3.21 

3.22 

3.23 


Advances fro® talking position tinder control of the incoming 
selector, 

• • . • . • ; . •• 

Returns to normal after calling subscriber diaconnecta under 
control of called subscriber or interrupter. 

Disregards busy condition on “Ho Test" calls. 

Returns to normal without awaiting called subscriber's re- 
lease after talking on "Ho Test" calls. 

Maintains busy condition from the time that the called line 
has bean selected (if it has been found idle) until the" tip" and 
"ring" leads are opened after conversation has been completed. 

Operates trip magnet in the down drive positions. 

Group peg count register. 

Restores to normal on premature disconnect. 

Restores to normal tinder control of incoming on tell-tale. 

Return of sequence switch to normal, wb-n moved out of posi- 
tion 1 manually. 

Private automatic exchange (PAl) station selections. 

Arranged for routine testing of subscribers * lines with sub- 
scriber’s line test set. 

Arranged for testing of subscribers' lines from the test desk. 

Releases on permanent signal after an interval of time. 

Transmits "busy back" tone to calling subscriber and returns 
to normal under control of incoming on tell tale. 

Is arranged to trip ringing over tip on busy back when used with 
incoming arranged to connect ringing current to tip of incoming multiple. 

Is arranged to operate a group busy register whan all final in tbs 

group become busy. 




4* CONNECTING CIRCUITS 


-i: 


4.1 

4.2 


f 


Line switch and ground cut-off relay line finder circuits. 

‘ . ... " ' * 
Regular local, cordless and interoffice incoming selector circuits* 

Standard two and three digit senders, cordless seeder selector 
cuit and cordless senders. 


: 


'I 


,1 

■ 



Miscellaneous register circuit. 


;1 
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4.6 Test selector circuit. 

4.7 Subscriber’s line test set. 

ASCRIPTION OF OPERATION 

5. SEIZURE 

When an incoming selector seizes the tip, ring and sleeve terminals 
of this circuit, ground in the incoming is connected to the sleeve ter- 
minal making this circuittest. busy to other hunting incoming selectors 
and the incoming advances to the selection beyond position. With the in- 
coming in selection beyond position, the final (L) relay operates over 
the fundamental circuit in series with the stepping relay in the sender. 
The (L) relay operated operates the (TK) relay. The (TK) relay operated, 
locks to ground on the sleeve of the associated incoming selector circuit 
and advances the switch to position 2. 

6. BRUSH SELECTION. ,? 

With the switch in position 2, the high speed up drive magnet (HS) 
operates, causing the selector to mqye upward for brush selection. As 
the selector moves upward carrying the commutator blushes over the com- 
mutator, segments, the A segments *and. brush intermittently connect ground 
through to the tip side of the fundamental circuit, alternately closing 
and opening a short circuit around the stepping relay in the associated 
sender circuit, thereby releasing it and permitting its reoperation. 

When sufficient impulses have been sent back to satisfy the sender, the 
fundamental circuit is Opened by the sender, releasing the (L) relay and 
consequently opening the circuit through the (HS) magnet, which stops 
the upward movement of the selector and the switch advances to position 3 • 

7. TENS SELECTION 
» 1 

In position 3, when the fundamental circuit is closed by the sender, 

\ the (L) relay operates advancing the switch to position 4. The (HS) mag- 
net is again operated and the selector moves upward for tens selection. 

The trip magnet being operated in positions 3 to 5, the previously se- 
lected set of brushes is tripped as the selector moves upward in posi- 
tion 4. Also as the selector moves upward, the B commutator segments and 
brush intermittently connect ground to the tip side of the fundamental 
circuit, alternately closing and opening a short circuit around the step- 
ping relay in the associated sender circuit, and thereby releasing and 
permitting the reoperation of the stepping relay un'il sufficient im- 
pulses have been sent back to satisfy the sender. The fundamental circuit 
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is then opened by the sender, releasing the (L) relay which opens the 
circuit through the (HS) magnet, stopping the upward movement of the 
selector and advancing the switch to position 5. 

8. UNITS SELECTION 

When the fundamental circuit is again closed through in the sender, 
the (L) relay operates advancing the switch to position 6. The low 
speed (LS) magnet operates causing the selector tomove upward, and the 
U commutator brush and segments function the same as the A commutator 
brush and segments as previously described. When sufficient impulses 
have been sent back to satisfy the sender, the fundamental circuit is 
opened releasing the (L) relay. The release of the (L) relay opens the 
circuit- through the (LS) magnet stopping the selector brushes on the 
tip, ring and sleeve terminals of the called line and advances the 
switch to position 7, the A cam advancing it to position 8. When in 
position 6 3/4# the (PBX) relay is connected in parallel with £0 ohm 
resistance (T) to the ring, but does not operate due to the high resist- 
ance to battery in the incoming circuit. As the switch advances beyond 
position 7 1/4, ground is. disconnected from the ring permitting the 
associated incoming circuit to advance. 

' 

9. individual line or first line of pex group not bust 

With the switch in position 7 3/4# the (L) relay operates through 
its secondary winding advancing the switch to position 9. As the switch 
leaves position 8, the (L) relay releases and battery through resist- 
ances (B-l) and (B-2) is connected to the S terminal, operating the cut- 
off relay in the line circuit. The release of the (L) relay also ad- 
vances the switch to position 10, the A cam advancing it to position 
12, ground from the armature of the (TK) relay advancing the switch to 
position 13 and ground through the break contact of the (L) relay ad- 
vancing the switch to position 14. As the switch passes through posi- 
tion 12 l/2, ground through cam D is connected to the selector group 
register operating that register. 

10. P'SCOXiECTION 

When the associated incoming selector advances from the talking 
position, ground is disconnected from the sleeve terminal releasing 
the (YE) relay. The (TK) relay released advances the switch to posi- 
tion 15, As the switch enters position 14 1/2, the (L) relay oper- 
ates through its secondary winding and holds through its primary" wind- 
ing over the loop to the called station. In position 15, the ”00 ohm 
18-AC resistance (S) is connected across the primary winding of the (L) 
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relay which still holds, its parallel connection being for the purpose 
of aiding in the release of the (L) relay when the receiver is replaced 
on the switehhook at the called station. When the receiver is replaced 
on the switehhook, the (L) relay releases and advances the switch to po- 
sition 17, ground on the armature of the (TK) relay advancing the switch 
to position 18 where the down magnet operates returning the selector to 
normal. The trip magnet is operated from position 17 1/2 to 18 to pre- 
vent the possible snagging of the brushes during the return of the se- 
lector, * With the selector at normal position* ground through' the Y com- 
mutator segment advances the switch to posit ion 1 releasing the down mag- 
net. If during disconnection the receiver at the called station remains 
off the switehhook longer than the predetermined period, the circuit 
functions as follows:- When contact F of interrupter (TO) closes, the 
(TK) relay operates through its secondary winding advancing the switch 
to position 16. The (TK) relay releases when the switch leaves posi- 
tion 15. When contact B of interrupter (TO) closes, the (TK) relay again 
operates advancing the switch to position 17. where the (I») and (TK) re** 
lays release advancing the switch to position 18, and the circuit re- 
stores to normal as described above. 

11. NO TEST , • 


On calls from a cordless position, when the "Mo Test* key is oper- 
ated , the circuit functions as described in paragraphs 5 to 8 until, the 
switch reaches position 6 3/4, when battery through a low resistance in 
the cordless sender selector circuit is connected to the ring side of 
the fundamental circuit operating the (PBX) relay. The (PBX) relay oper- 
ated, releases the (TK) relay which advances the switch from position8 
to 1C without testing the called line for busy or waiting for PBX hunt- 
ing, and the A cam advances it to position 12. The release of the (TK) 
relay connects ground to the sleeve of the incoming circuit to prevent 
seizure by other hunting incoming selectors. As the switch leaves posi- 
tion 7 the (PBX) relay releases. Since the (TK) relay is released, the 
(L) relay doss not operate in position 8 as deseri ed in paragraph 9. 

In position 11, the (PBX) and (TE) relays operate in series and lock un- 
til the switch advances from position 16. In position 12, the (TK) re- 
lay operates through its primary winding, advancing the switch to posi- 
tion 13. Since the (L) relay is non- operated, the switch immediately 
advances to position 14. Disconnection takes place in the same manner 
as described in paragraph 10 with the following exception: The ( PBX) re- 
lay operated in position 11 to 16 prevents the (L) relay from operat- 
ing in position 14 1/2 as de sob 5 bed in paragraph 10. The (L) relay being 
normal permits the switch to pass through position 16 regardless of 
whether the receiver is on or off the switehhook at the called station^ 
and the circuit returns to normal. 
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12. BUSY INDIVIDUAL LINE 

In case the called line is an individual line which is busy, the 
circuit functions as described in paragraphs 5 to 8 until the switch 
enters position 8. When the (L) relay operates in position 8, high 
potential battery on the sleeve terminal operates the (PBX) and (TB) 
relays in series and the switch advances to position 9 as previously 
described* The (TB) relay operated holds the (L) relay operated through 
winding P, and the (PBX) relay operated releases the (TK) relay. The 
(TK) relay released advances it to position 12. When the switch leaves 
position 9 1/2, the (PBX) and (TB) relays release, but the (L) relay 
holds through its secondary winding. In position 12, the (TK) relay 
operates and locks to ground in the associated incoming selector, ad- 
vancing the switch to position 13, where the down magnet operated re- 
stores the selector to normal When the selector reaches normal, 
ground on the Y commutator segment advances the switch to position 17. 

In position 12 to 13, the trip magnet is operated to prevent the 
possible snagging of brushes during the return of the selector. In 
position 17, a circuit is closed from interrupted ground over lead D 
from the mescellaneous tone and interrupter circuit, to operate and 
release the (L) relay as controlled by the interrupter. The operation 
of the (L) relay closes a circuit from lead B of the miscellaneous tone 
and interrupter circuit, resistances (B-l), (B-2) and (S) to the ring 
of incoming selector thereby permitting a busy back tone to the calling 
subscriber. When the calling subscriber or operator disconnects, the 
associated incoming selector advances to remove ground from the sleeve 
terminal, thereby releasing the (TK) relay. The release of the (TK) re- 
lay advances the switch to position 18 where ground on the Y commutator 
segment advances it to normal. 

13. PBX HUNTING 

If the line on whose terminals the selector brushes rest at the end 
of units selection is the first of a group of PBX lines and one or more 
of these lines is busy, when the switch reaches position 8 low potential 
battery on the S terminal operates the (TB) relay but the (PBX) relay 
fails to operate. The (TB) relay operated holds the (L) relay and as 
the switch enters position 9, the (LS) magnet operates causing the se- 
lector to move upward. When an Idle sleeve terminal Is reached, ground 
potential on the S lead releases the (TB) relay opening the holding cir- 
cuit through the primary winding of the (L) relay, which however holds 
through its secondary winding to ground through the C commutator seg- 
ment. The adjustment of the C commutator brush with relation to the 
tripped sleeve multiple brush is such tbat it does not break contact 
with the C commutator segment until slightly after the holding circuit 
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through the winding of the (TB) relay la opened at the tins the dL®**® 
brush breaks contact with the busy terminal and makes contact with the 

sleeve terminal of an Idle line. The (X) relay and the (X3J 

therefore, remain energized and the Selector con tjawy to 
ward until the 6 commutator brush breaks contact w|th the „ ^ _ 

segment, At this tine the brushes are slightly mm* the oeaterex toe 
seSetor tersdnals and a locking pawl enters the notch in the ^ at- 
tacked to the brush support rod. With the circuit to ground on ® 
commutator open, the (X) relay releasee diaeoaneetiag ground^ from rt*0 
commutator feed bar G and releasing the (I>S) nagnet. The selector toes 
drops back against the locking pawl thus centering the brushes on the 
Une terninals. During PHX hunting, ground is connected to the G com- 
mit at or through cans J and I under control of the (X) relay. This ar~ 
rangement is to prevent the reoperation of the (X) relay ty the closing , 
of the Circuit from ground through the C commutator brush and segment 
as the selector drops into place. The release of the (L) relay^also ad- 
vances the switch to position 10, the A earn advancing i t to pMitlea _* 
the® this point on the circuit functions as previously described in para- 
graphs 9 and 10, If the last line of the PEX group is reached, since 
the sleeve Condition is the name as for an individual line, the \*»/ re- 
lay releases in position 9 if the line is idle ox the (PBS) relay oper- 
ates in position 9 if the line is busy and circuit functions the same 
as described for an individual line. 

u . m mum; 

When the office in which this final circuit is located has lines, ter- 
minating in private automatic exchanges, this final circuit is arranged 
with "X* wiring. In this case ground is connected to the ring sideof 
the trunk until the switch advances from position 13 1/2, to hold the in- 
coming selector in the selection beyond position. This circuit^ advances 
to positionl4, talking position, as in the case of an individual line, 
where ground on the ring from the PAX trunk holds the inco^ng in the se- 
lection beyond position until all selections have been completed. This 
circuit remains in the talking position when PAX selectionsvar® taking 
place. Disconnection is the same as for an individual line. 

15. PREMATURE RELEASE 

Should the calling subscriber replace the receiver on the switchhook 
or the cordless operator depress the disconnect key before the 
switch advances Vo position 10, the incoming selector advances rjgoving 
ground from the sleeve thereby releasing the (TK) relay. ^ %e (fX) rexti,- 
releases advances the switch to position 10, the A cam advancing it to 
position 12 where the (TX) relay operates and advances the switch to 
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!3. In position 13, the (TK) relay 'is released, providing 

? or th ? M r * l& y through winding S which locks, hold- 
ihg the swatch in position 13 and operating the dorm magnet, ^s+oring* 
the selector to normal. In positions 12 to 13, the trio mmet ? s euer- 

t ? 1 f Sarly rsl9nse 0ccur b9fcr ® the final has ad- 
vanced beyond , he , rush tripping zona the trip finger will no" be in the 

S0l9ctor brushes - ^en the selector reaches nor- 
rpJ+L v) ° n jhe , Y C0 !’! TOtat0r brush and segment advances the switch to 
P XT Q J 7 > .f?? Und , T tne armature of the (TK) relay advancing the 

^ p0slti0 ? + 1 ? Wttere grcmnd trough the Y commutator brush and 
segment advances it to normal. 

TELL TALE 

7+ the f sbscbor elevator travel to the top of the frame 

^tej..L tale position) during selection in position 4, 6 or 9 the 
closure to the X commutator segment will advance the switch to 
position 10, tne A cam advancing it to position 12. The front 
contact °f the TK) relay advances the switch to pisjiSn 1?L 
the back contact of one (L) relay advances it to position 14. 

H+L« 1 ?c Ure ^u hr v Ug ? th ® 1 commutator advances the switch to nos- 
T ?? baak contact of the (L) relay advances the switch 
17# In position 17 the circuit functions to give 
busy back tone and flash to the calling subscriber as covered in 
paragraph 12 # From this point, the circuit is returned to normal 

“ f2 a " ibea > Py^?P h ». <*»pt that the do-sn magnet operates 
,xii 18 to restore tne elevator to mormal. 

RORTIHE testing of subscr t pers« ljpes , 

T d Wlth f ubSCriber ’ S Une test set » ■ 3 - cks C an’ D 0 f tVs 
circuit are connected to the corresponding .lacks of the test ««»* hr 

patching cords. The final selector is held busy durin- f-« +^t'w 

period by ground in the test set over the slse— o<* i, c j, c - 

cental circuit is closed through the tip of .lack C. The c^cuit «m C -~ 

llT Zl-i « C v° nt S r % th9 +3St SSt as Piously descri-hed o'n -are ui, r 
call, until the (L) relay releases after completin'-' units sei action The 

re ^-V f the [ L ] relay after units selection, does not advance the 
switch irom position 6, as the energizing circuit for the R me^^t i s 

to *»«“ lnsertlon »<• «» Pi"® 1» 8 . In position 6, 

tpt+!d P, +S d s i eer f 5 )3njsnss rest on the terminals of the line to h® 
tested, the sleeve brush being connected through the sleeve 0 * ^ c k n to 

battary in the test set, thereby holdlny the selected Itotof "to 
Iton tested through the tip and rlmt of lack D. ill liies in 

tSn oTn S : lS °-° r r Ult b le bank b ° ^ in rotation, rne oeSa- 
+w n . f a ste PP in 8 ke 7 in the tes" set closes the fundamental c*rcui+ 

t^s S thi a (K) ° pera * ing < L ) rsla Y* The (L) relay operated" 'ene?- 
gis.s the (LS) magnet, moving the selector brushes up to* the u*y+ 

ele ?or reato a S b ”* ^ «• funterortil oirouif ton the 

tho'flhi y* ch ! s *5* *•*'• »»t 01 terminals, releasin- the (L) rel-v ere 
^ ti^e,^f G b T ° *•» “lootor to test another -roni 

or to restore to errenit to norml, ‘he disconneet key in to tes‘ set 
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should be operated or the plug removed from Jack G thereby releasiug 
the (TK) relay. The (TK) relay released, advances the switch to posi- 
tion 12. In position 12, the (TK) relay operates advancing the switch 
to position 13* where the (TK) relay being release^* the circuit will 
return to normal as described in paragraph 15. 

TESTING GTJr. 5CRXBERS 1 LINES ^PON °HE T EST DESK 

When provision is made to test the subscribers* line circuits from 
the test desk, relay (SC) is provided and "V" wiring is used. When 
the final selector has advanced to position 14, the talking position, 
the operation of a key at the test desk causes ground to be connected 
to the SO lead operating the (SC) relay. The operation. of the (SV) re- 
lay releases the" (0$) relay of the subscriber’s line circuit, which in 
turn causes the (L) relay of the line circuit to operate and start a 
line finder hunting for this line. When the line is found by the line 
finder, a check for dial tone is obtained at the the test desk. The pur- 
pose of this test is to determine whether the subscriber's line is 
seized by a line finder and whether dial tone is applied to the line. 

TEST JACK 

Jack (TMB) is used to test the operation of this circuit and to 
make the circuit busy to other hunting selectors. 

ALL FINALS BUSY REGISTER 

When all finals in group become busy (seq, sw. advanced out of pos- 
tion 1) ground is removed from lead PER to the group busy register cir- 
cuit releasing a normally operated relay in that circuit, which causes 
the operation of a register to indicate that all the finals in the group 
are busy. 


APP’D: 


C.N.COST 

c . c . c . 


SNGs J.D.J. 


CHE'Ds J.D.J. 



